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TBJBi» ^<yrc>ling-Pf .. the invenfrlo* 
j> Flslfi o f the In vention 

The present invention relates to low WO^ Curoa bion burner 
5 apparatus and methods of burning" fuel gas - air mixtures 

thereby iflue. gasos having low *to x oontXttt rjtv produced, 
3 . DQBorlp-fcion o f tne r rior art 

The environmental Gmiatfion standards ittposod by 
governmental authorities are continuously becoming wore 

10 stringent. Such standards limit the quan titles o£ gaseous 

pollutants such as oxides of nitrogen (KOJ and carbon 
TAonoxldfc which can bo emit bed into the *twor«phcre, AS a 
resul/L <if t-tlO standard b, improved bur Iter designs have been 
developed which lowrcr the pr eduction ot W> % and other 

15 polluting gaseiw For example, methods and apparatus wherein 

fuel la burned in less than a fctoictfjiometric concentration of 
oxygon to intentiona Hy produce a reducing environment of 00 
and K } have been proposed. Q'his concept has been utilized In 
stagod air burner apparatus wherein the fuel is burned in a 

20 deficiency ot air In a first a one producing a reducing 

environment that suppresses NO^ f ormzrtion , and the romaining 
portion of air is introduced into a segond sons. 

Methods and apparatus have also been developed Wherein 
nil of the air and some of the fuel 1a burned in a first Bono 

25 and the remaining fue). In burned in a second zone. In thj.s 

staged fu.el approach P an excess of air in the first zone uctB 
aG a diluent which lovers th6 temperature of the burning gas OS 
and thereby reduces the formation of N0 X . Other methods and 
apparatus fcave. he^n developed wherein flus gases are combined 

3D witn fuel gas - air mixtures to dilute the mixtures and lower 

their cQmbust.J.on temperatures and the formation of 

While the prior art method b and burner apparatus for 
producing fluB gases having low N0 X contents have achieved 
varying degrees of success , there still remains a need for 

35 improvsment in gas burner apparatus and methods of burning 
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fuel gas whereby simple economic*.}, burner apparatus is 
Utilised and low NO^ oontunt flue gases are produced. 

BuMmarv of. thg Invention 
By the present invention, the above mentioned needc for 
li improved gaa burnet apparatus and methods or burning fuel-air 

mixture b arc mot. That is, the present invention provides 
improved goB burner apparatus and methods for discharging 
mixture* or fuel und air into furnaces whoreln the mixtures 
&re burned and flue gar.es having low WO x content are formed 

10 therefroiiu 

Au improved low formation burner apparatus of this 
invention is basically comprised of a refractory bumor tile 
attached to a furnace having a base portion and a wall 
portion * The wall portion of the burner t i.l.c extends into the 

15 furnace and surrounds a central area oi the base portion, and 

the exterior sides nC ths wall portion are b lan ted toward* the 
central area of the base port y on ♦ Means are attached to the 
burner apparatus for continuously mixing a portj.on of the i'Wl 
gas utilised with substantially all of. the air utilized and 

20 discharging the resulting mixture into a primary burning zone 

in the furnace frouix a i thin the space defined by the central 
area of the base porta on and the interior of the vb.ll portion 
of the burner ti.le* At least one secondary fuel gas noz&le 
mean* is positioned outside of tho wall portion of the burner 

?,5 tile for discharging the remaining portion or the fuel cjub 

adjacent to an external sleeted eide or the Wall portion* T.ho 
secondary f ub! gas readily mixes x*ith flue gases in the 
furnace and burns in a secondary burning fcone therein. 

By the improved methods of the invention, a mixture of 

30 fuel gas and air is discharged into a furnace whoroin the 

mixture is burned and fluB gases having low WO x content are 
formed therefrom. The methods basically coi&prise the steps of 
mixing a portion of the fuel gas with substantially all of the 
air to for» a primary fuel gaB sir miifture, and discharging 

3 5 the primary fuel gas ~ &5r mixture into a primary burning &one 

in the furnace from at lea&t one location surrounded by a wail 
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portion of u refractory butter bile which extends into the 
furnace and has exterior aides which planted towards the 
discharge location, lhe remaining portion of the fuel gaB ie 
discharged from at loast one location ontaide of the wall 
5 port inn adjacent to nn exterior slarxtea side of the waM 

portion whereby the Aid gatf readily jnvyee wntb flue gasc& and 
remaininq air in the f^urnaoe and is burned In a secondary 
burning tone therein. 

it J.c-, Cher afore, a general object of the present 

H> invent* ar* to provide improve low Nt> x formation burner 

apparatus and methods*, 

A further object oi' the present invention 3 s toe 
provision nt relatively simple and economiafll tiutrwu: apparatus 
for carrying out the method?; of the present invention whereby 

15 lew WOjj oonteirt flue gases are produced. 

Other and farther objects:, features and advantages olf the 
present invention will be readily apparent to tho&C sKilled in 
the art Upon a reading or the description of preferred 
embodiments which i*O.L10W& when "taken in conjunction with the 

20 accompanying drawings. 



Brier Desc ription of the Prayings 
FIGURE i is a Ride cr DOS -sectional view of one form of 
ttlo burner apparatus oi' Che present invention att&chntf to a 
fumaoe wail. 

25 JPIguke ? in ft cr oss- sect ional view taken along line 2-2 

of FTGT/RB 1. 

FlGUttfc 3 is a eidc crosi.-sectional view of an alternate, 
foruft Qt burner apparatus of the present invention* 

FIGURE 4 is a cross> sectional view fc&tten along Hne 4-4 
30 of FIGURE 3. 

FIGURE 5 i« a Bide cros?:-soctJ unol view of yet another 
form of burner apparatus of the present invention. 

FIGUAH 6 iB a cross -sectional view taken along line 6-6 
Of FIGURE &, 
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Qe acription e>t Fr ef orrofl Bifribofl imen ta 
jief erring now to the drawings, ana particularly to 
FIGURES 3 and 2, a lov CTO^ J: or nation burner apparatus of the 
present invention is illustrated and generally uOs&ignatod by 
5 the; n\»meral llK The burner apparatus ID is aealintjly attached 

to the bottom vail 12 of a furnace ov*r an opening therein- 
While gas burner apparatus fire commonly mounted vertically to 
the toot ten* wall of a fux-nace and firod Upwardly as Bhown in 
the drawings, it is to be Understood that the burner apparatus 

10 of the present invention can also be mounted horizontally or 

it can bo mounted vertically and fired downwardly* 

tfhe burner apparatus 1U iB comprised of a housing Id 
having a closed exterior cn<J 3.6 and a subBtantially closed 
interior end ic- The lumping 14 is attached to the furnace 

15 waJU \2 by moans of a flange 20 attached thereto and a 

plurality of bolts 22 virhich extend through complimentary 
openings in the flange 20 and the vj&ll 12- h combustion air 
inlet connection 24 is attached to the housing 14 : and a 
conventional aix flow rate regulating damper 26 ie connected 

ZO too and disposed within the air inlet connection 24 . 

The Curtiac© wall 12 includes an internal layer of 
insulating taaterial 28 attached thereto r and a burner til% 3D 
formed of flame and heat resistant refractory material, is 
attached to the interior end IB of the housing 14. Thn burner 

25 tile 3o includes a base portion 32 and a wall portion 34* The 

exterior aide 56 of the barsc portion 32 iB posit toned adjacent 
thB end m of the housing 34 , and the interior side 3D of the 
baae portion 32 f aceB the interior Of the furnace to which the 
burner apparatus ifl is attached. 'The «al3 portion 34 of the 

3ti burner tilo DO extends into the furnace and surrounds a 

central area. 4 0 or the side 36 of the baso portion 32, Tin? 
wall portion 34 includes internal sides 41 and external sides 
43, and as shown in Figure i r the external tfldos 43 are 
slanted towards thB interior of the wall portion 34. The 

35 furnace wall 12 and insulating material 2B along with other 

furnace vallB and insulatingf material (not tfhOfrn) define the 
furnace within which the fuel, gas and air discharged by thB 
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burner apparatus 10 arc burned as will bs described i:ur ther 
here; in ho lew, 

l*he burner tile 30 has a central opening 4? rormefl in tho 
bsce portion 3 2 thereof; And the C>hd lb of the housing 14 
!> includes an opening 44 which iB cDmpl iwentary to the opening 

47, Attftdiod within the housing 14 otfer the opening; 44 in the 
end 1ft thereof is an internally threaded! tubular fitting 46. 
ConnuCted within the titting 4G ifi a venturi aapirator tube 
generally daaiqn&tgd by the numeral CR having a fuel flas and 

10 sir inlet 50 at on© end positioned within the interior of the 

housing I 'J and a tils; charge nozzle a?, at the other end 
positioned within tho space defined by the C&ntrAl area 00 af 
the basv portion 32 and the interior of the wall portion 34 of 
the burner tile 30. In the form i*J 1 uatr AtGd lh FIGURE 1, the 

is venturi aspirator tuba 48 is oompri&ed of two parts, i.e., «i 

fuel gas and air inlet part 54 having converging Bides and a 
discharge nozzle part 56 having diverging sides. The adjacent 
BndB of the parts 54 And 56 are threaded ly connected to the 
threaded portion of the fitting 46. 

20 A fuel gas jet lTorfcing nozzle S a is positioned within the 

housing 14 to jet fuel gas into and through the- venturi tube 

48, The jet forming 3nofc2l» 58 ia connected to A conduit 50 
which passes through the end 1<5 of the housing 14 and ia 
connected to a fuel gas header 62 by weans of a union $4 ♦ 

25 Also connected to th* fuel gas header 62 by a unions ft<> are 

tour conduits 68 which pass through the end 16 01' the houaing 
14 r extend through the interior of the housing 14 and pass 
through tho end 18 thereof, The Conduita 69 extend through 
complimentary openings in the base portion 32 of the burner 

30 tile 30 and are connected to secondary fuel gas nozzles 70 

positioned outside the wall portion 34 of the burner tile 30. 
The nozzleB 70 are spaced around the periphery of the wall 
portion 34 and are each positioned adjAcent to the 
intersection of a aide 4 3 thereof with the surface 3S o$ the 

35 base portion 32. The nozzles 70 function, to discharge 

secondary fuel gaB a,d;)aoent to the external slantBd aide? 43 
of the walJ portion 3 4. 
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As will be ascribed further hereinbelow. a portion of 
the fuel qas conducted to the header 62 designated as primary 
fuel because it iB burned in & primary saone within the 
furnace is caused to flow by ray dC the conduit fin to thfc jet 
5 forming nozsle 58. The remaining portion of the fuel gas, 

referred to heroin as secondary fuel gas c I rvjw it .L?> burnsd in 

6 secondary zone in the l"X»maca, is distributee! substantially 
equally between ths conduits and Aeaondary fuel gas nojcsles 

7 0* In order, to propor tion the primary and secondary fuel g&s. 
10 and distrlbuto the secondary fuel gas between the conduits 6B 

and noz isles 70 , oriffic^r; can be included in the unions 64 and 
6€ as required. 

In operation of the burner apparatus 10 r fuel gas is 
introduced into the furnace to which the burner apparatus*. 10 

15 i« attached and burned therein at a IXOW rate which reBultB in 

the desired heat release. A flow rate of air le; introduced 
into tb*> burner bousing 14 by way of the connection Z< and 
flDv? regulating damper 26 euch that at least a substantially 
&fcoichiomc*tric mixture of tuej, gas: anfl *ir results in the 

20 furnace* ihat ie r a flow rate of aAr ib introduced into the 

furnace relative to the total flew rate of fuol gas introduced 
there in tD which results in a stoichiometric or greater than 
stoichiometric mixture. Preferably, the rate of air is in the 
range of from about t-he stoichiometric rate to about 25* 

25 greater than th<?. Stoichiometric rate, 

As shown in the drawings by arrows formed of alternating 
dashes and dots, and referring particularly to FIGURB 1, the 
air rlows from the atmosphere into the interior of the housing 
14 by way of the conduit 24 and damper 2<J disposed therein. 

30 AS Shown by solid line arrows ill the drawings, and Still 

referring to FIGURE 1 r " primary fuel oae Is jotted frora the -Jet 
forming no*?,!* 5fl into the venturi aspirating tube 4a 
comprised of the inlet part 54 and discharge part 56. The 
jotting of the primary fuel gas o&USfttf air within the housing 

3G 1.4 to be drawn into the venturi aspirating tubs AS wherein tho 

fuel gas and air are mix^d; The r a suiting primary fuel gas * 
nir mixture is discharged by way of tho discharge nop,*.l.c 52 of 
the venturi aspirating tube 48 into the space defined by the 
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central are/t 4 0 of the base portion 3 2 find Che interior of the 
w?Ul portion 34 of tha burner tile 30- •i'he pHmary fuel gas - 
air fixture begins to burn in t.^e aroromcntioned dpuce and is 
dischar9<:d therefrom into a primary burning tone within the 
a furnnca wherein the* Mixture is burned and flue gas"es having 

lev NC^ content ore form*** therefrora. 

lbe remaining secondary portion of the fuel gas (shown by 
r.ol.id line arrows) is discharged by way of the noz&ioG 70 
adjacent to the exterior slanted sWos Of the wall portion 3(S* 

10 'Jhat i£? r the secondary Fuel #as discharged by tbe no&iilcs 70 

readily mixes with flue gases from the Furnace (ahewn by 
dashed line arrows) and air remaining in the furnace* Tho 
discharge openings in the nozzles 70 are pr Gf elafcly configured 
to spread the\ secondary fuel gas over the exterior slanted 

is sides of the wali portion 34 which a^so enhances the mixing of 

the secondary fuel gas vith FJ.uo gases and air. The mixture 
of secondary fuel gns and fine gases is discharged into a 
secondary burning tone surrounding ths primary zone vherein tt 
is burned and fluo <jases having low NO x content *ire formed 

2 0 therefrom^ 

Because the primary Cuol g&£ ie roiled with substantially 
all of the gtir, it contains excess air and bumH at a 
relatively low temperature which reduces the amount of NO^ 
produced in the Flue gases. r Jfhe secondary fuel gas is mixed 

25 with relatively cool flue gages prior to burning and it also 

burns at a relatively low temperature whereby low 1 eve is of 
KO x are produced in the f lue gases therefrom* 

The portion of the fuol gas which is used as primary fuel, 
ib generally in the range of from about 30% to about 90% by 
volume of the total fuel gas discharged by the burner 
apparatus and into the furnace. That iB, the flow rate of 
primary fuel g&fc discharged into the FurnauB is trow about 304 
to about so*, preferably about 7 5%, Df the total fuel gas flow- 
rate conducted to the burner apparatus ID, and the flow rate 

3£ of the secondary fusl gas discharged into the tu,rr\aco is from 

about qo% to about 70*, preferably about 25%, of tho total 
fuel gaB flow rate- 



htto://Datentsl.ic.gc.ca/cache/gif/02076705dis.afp .7.s0.25.r0.gif 



5/15/2006 



Page 1 of 1 

2078705 

Inferring now to FTCTRES 3 and 4, an alternate form OiT 

the burner apparatus* of ths present invention ia illustrated 

and generally designated .by the numeral 80. The burner 

apparatus BO ie Identical in Btruoture and operation to the 
i) burner apparatus 30 described about except that instead ©I a 

single venturl aspirator tube 48, the burner apparatus 8Q 

includes three venturL a<:v J.rator tubes 82, Each of the 

venturi aspirator tubes 82 is comprised of a converging inlet 

pare 84 and a diverging discharge nozzle part 86, The 
10 interior end 88 of the housing so includes three threaded 

fittings to which the parte R4 and B<S are threaaedly 

connected attached over opewinge 94 therein, and tha base 

portion 9& of a burner tile 98 Includes oompl iltteh tary openings 

100 therein for receivi»g the parts 86. A prinary fuel gas 
13 jet forming rjofrile 202 is positioned to jet primary fur.I gas 

into each of th* venturi aspirator tubes 8?.. Als*o P the burner 

apparatus 80 {and the burner apparatus 10 dcseriJbed above) can 

optionally Include a supplejaenbal air pipe 9» which extends 

from within thB housing 90 through the interior cn<s 88 of tn& 
20 housing S>0 and through the burner tile 98. A fitting 101 

containing a ahamjeable orifice for control ll/og the rate oi: 

air which flows through the prj.pe 99 ean bo corrected to the 

inlet end el! tho pipe 39. . 
As describad above in connection With the apparatus 10 , 
25 the primary fuel crar. - air mixtures discharged by the noflzJos 

05 of the parts 86 enter the Bpace within the interior of the 

wall portion 104 of the burner tile &a from where they are 

discharged to a primary burning zone within the furnace. 

AIbd, if the optional air pipe 99 is included, additional air 
30 enters the space within the wall portion 104 and mixeB with 

the fuel gas - air mixtures discharged from the no2£le& 52. 
Secondary fuel gas ie discharged cdjucent to the exterior 

planted sides 106 of the wall portion 104 by & plurality of 

secondary fuel gas no&&l«s 108. The secondary ruol g&s iaixeH 
35 with flue gases in the furnace and burnB in a secondary 

burning zone therein- . The flue gar~o& produced by the burner 
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apparatuft BO are of low NO^ Content for the &ame reasons a» 
those set. north above relating tin tlK^ apparatus io. 

AS will be under fcf.nnd by thoBe sJcilled in the. *rt, th<* 
burner apparatus io and 60 can also hr. utilised in forced 
.5 draft applications, 'JNiat ir., instead of mining the primary 

fuel gas with atmospheric air in one or more ventnri aspirator 
tubes, th,fe primary fuel gas can be mixed with pressurized air 
in a conventional for cod draft mixing attparatua, U)d the 
resultant primary fuel. gas. - air mixture can he conducted 

10 directly to tho. discharge nozale £2 of the apparatus' 10 or 

diBcharge nozzles 85 of the apparatus 80. 

Referring now to FIGURE*? S and 6, yet another embort ilfcont 
of the burner apparatus of the present invention 3e 
illustrated and genera >.ly designated }D<y the numeral 12 0, The 

15 burner appar&tUs 120 is used In natural ox forced draft 

applications, and like the burner apparatus 10 ayid 80 
described above r produces flue gaces having low N0 A content, 
»i*be burner apparatus 12 € is comprised of a housing 122 having 
a closed exterior end 124 and an open Interior end 126. The 

2d housing 122 is attached to a i'um&ce wall by m^ans of a 

flange 130 attached to the housing 1*2 ami a plurality of 
bolts 132 vhich extend through compl ittentary openings in the 
flange 130 and wall 128, A combustion ai.r tnlct connection 
134 is attached to the housing 122, and a conventional air 

23 flow rate regulating damper is connected to and. dispo&ud 

within the air inlet connection 134* We furnace wall 12 B 
includes an internal layer of insulating materia). 138 attached 
thereto, and the open end 126 of the housing 12 2 includes a 
refractory burner tile 140 attached thereto, 

ao The burner tile iau ip comprised of a substantially 

circular base portion 142 and a substantially circular waU 
portion 144, Tile external aide Of the base portion 142 is 
positioned adjacent the end 126 of the housing 122, and the 
internal side 14£ of the base, portion J 42 facoft the interior 

35 of the rurnace to vhich the burner apparatus tao is attached. 

«fhe base portion 142 Include B a central upOfllng 1*8 therein r 
and the wall portion 144 extends into the rurnace and 
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$ur rounds the opening 14 R. Tho intern a 1 sides" 150 of the vail 
portion 14*1 at* Spaced a distance fro» the periphery or the 
opening 24 B yhereby a lectgo 152 is provided vi.thj.ji the 
interior of the wall portion L44, and the external sides; 154 
i> or tho wall portion i<u are. anted towards the opening 148, 

Th* internal sides 150 art* also preferably slanted towards the 
opening 148, 

four prilwary mot gas? discharge nosszlee 155 are 
positioned within the interior of the wall portion 144 of the 

10 burner tile 140 adje.csnt the interior svtfes 150 thereof and 

the ledge 152 therein, Th© nobles 156 are connected to 
conduit,? 15ft Which pass through the base portion 142 Of the 
burner tile 14 tf and through the ends 124 and 126 of the 
housing 122- The conduit & 158 are connected to a pressurized 

IS Tuol y&s header i6[l by union.!; 1G2< ThO apparatus 120 can also 

include a fjved blade svlxler 166 positioned within the 
opening 14S by a support weeper 164 for causing till or a 
portion of the air flowing through the opening 148 to swirl* 
Four secondary fuel gae nobles 170 are spaced around the 

20 base portion 142 of the burner tile 1<1 0 outside the wall 

portion 144 thereof. The nozzles 170 are connected to 
conduits 172 which are oonnect«*d to the fuel gas header ,1G0 fcy 
uiiione 174 j fend are positioned to discharge secondary fuel gas 
Adjacent to the external planted sictes 154 of the vail portion 

25 144. 

In operation of the burner apparatus 120, the air flows 
through the housing 122 (shown by arrows formed oi el tor noting 
dashes and dote) , through the passage 148 in the base portion 
142 of. the burner tile 140 and into the interior of the wall 

30 portion 144 thereof- Ae mentioned, the fixed blade swt.Tlsr 

ltftf (if used) causes all or part of the air to swirl db it 
flows into and through the interior of the wall portion 144. 
r i'he no Bale.? 356 direct primary fuel gas in direcbrtons. 
generally tangential to the interior siSes 150 of the wall 

35 portion 144 whereby the primary fuel gas is swirled around the 

interior sides uf the wall portion 144 above the ledge 152. 
the slanted jntcrlor sides l'J& of the wall portion 144 force 
the swirling primary fuol gas into contact with the air 
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f ioviji<3 'through the Interior of the vail portion 14 4., b<\ a 
result, the prima L*y fuel cjae mixes wibh the air flowing 
through th* opening 14 B «ud tho resulting primary Cuel g»* - 
air mixture b^gj.nr? to barn and is di £ich« ryr^a f com the interior 
5 of the tfnli portion 144 to « priwary burning zone within the 

furnace* Tho primary fuel gas - a.1r mixture contains cooling 
excoss air and. when it is bu.i-ned in the primary Earning sons, 
flue gases ot* low ao.. content are produced. 

Secondary fuel gTaB is di&oharged from the ho* tries" 170 

1.0 adjacent to tho exterior Blantcd sides 154 of the wall portion 

1.44 Of tile burner tile 10 0, As described above iT3 connection 
with the burner apparatus 10 and {io P tha secondary fuel gas 
xeadUy uiixes vith flue g&scs t^ llov n by tne dashed lino 
arrows) and air remaining in the furnace. The resulting 

13 eeoonrt&ry fuel gas - tlu* qajes* air jn fixture iB buv»c<l in a 

-secondary burning Kone whereby additional flUs gases of low 
content are formed. 
<The rate of air introduced into the housing 1Z2 and 
di Bchargedl by the burner 12D is prcTorably in the range of 

20 from about a stoichiometric rate to about 25fc greater than 

such stoichiometric rate. The portion of fuel gas whJoh if. 
ueed as primary fuel is generally in the range of £ro» about 
10% to about B0% by volume of the tota) fuel gas discharged by 
the tamer apparatus 12 □ into the furnace. 

25 As mentioned , the evirler 166 which is comprised ot a 

plurality or fixed blades 167 (FIGUIiE 6) can optionally be 
used to cause air netting into the interior of the w&Jl 
portion 144 of the burner tile i$Q to Bwirl whereby it more, 
readily miyes with L'h<* swirling primary XubI gas therein. 

30 Other alternate apparatus for enhancing mixing can be uaed 

with or substituted for the swirler 106 r e.g. , a cylindrical 
baffle which, annularises the flow of air* 

In order to further illustrate the low txo K formation 
burner apparatus and methods of the present invention r the 

35 following samples are given. 
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A burner apparatus 3.0 clesl^hed fur a heat release of. 
10,000,000 O'i'V/hOW by burning natural g&£ having t* caloric 
value of l r 0G0 BTU/SCP is fired into a furnace, 
£ PreBBuriBed fuel gas is supplied to tho u&nifold 62 of 

the burner 10 at a pressure of about 30 PSIG and at a rate of 
3,000 5GV/bour. A ?5% by volume portion Of tho I'UOl tfatf (2250 
scr/hour) ib \iBad ae priwary fuel gas and is jetted into the 
venturi aspirator tubo 48 by the nosfcle 5& v/hiah results lti 

10 air being drawn into the venturi sspirator tuhe &l\ and mixing 

With thB primary fuel gas. The remaining secondary portion of 
the rue* tjat> f i,B.j 750 SCF/l\our< is discharged into the 
furnace by the no&*.les 70. 

Tho rate of air introduced into the housing 14 te 

15 Controlled by mfcans of tha damper 2G such that the rate of air 

drawn into the Venturi aspirator tub© 48 is a BubBtantial \y 
"stoichiometric rate relative to the total fuel gas rate 
discharged into tho furnace. 

Tho pri»ary fuel gar. * &jr mixture formed in the venturi 

20 aspirator tube 40 Is di seharged therefrom by the nosfcle 52 

positioned within the interior of the wall porta on 34 of the 
burner tile 3D into a pritoary burning sone in the furnace 
wherein it is burned. 

!The fuel qae discnivrged from the ceoondary fuel gaB 

23 nossles $4 adjacent to the wail portion 34 minef: with 

relatively cool flue gases' and air remaining from the primary 
burning aono. The resulting mixture* is burned in a secondary 
burning zone generally adjacent to and surrounding the primary 
burning zone in tho furnace space + 

*t> BOuausB of the dilution Of the primary ruol gas with 

excess air and the dilution ot tho secondary fuel gas with 
flue gases, relatively lofc temperature burning results whereby 
the fJue gases formed have a low N0 X content* Tnat is, the 
flue gases ftrithdrawn from tho furnace have a ITO A content of 

335 less than about 25 p\m. 
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A burner apparatus 120 designed fur a hasrt release of 
10,000,000 BTU/hour by burning natural '/as having « oaloric 
vnlu«> of i,con nm/SCV l& fired, into a furnace apace. 
!i Pressurized fusl-gos is auppliCCt to th.0 burner 150 at a 

preer.uro Of about 30 PS1G and at a rate of 10,000 f3€F/hour* 
A IS* by volume portion of the fuel gas (USuD SGP/hour) ie 
utilised as the primary fuel gas which ie jer.ted. into the> 
space above the ledge 152 and adjacent thB Interior sides ihiO 

10 of the V&.I.X pnrtion 144 Df the burner tile 1,40, TtlC remaining 

r.ccond*ry portion of the CuoJ ga;S, i,s. r S&00 SCJP/hour ia 
discharged! ad j a cent to tile oxter i ox slanted a idea 154 of the. 
wall portion i<3 0 by the? secondary nozs'lss 168. 

The rate of uir introduced into the housing 122 is 

15 controlled Buch that the rate of air discharged into the 

furnace ie at least * substantially stoiohiometr jo rate 
relative to the total fuel gas rate discharged therein. 

The air flows through the opening 148 of the burner tile 
14D into the mixing icon© defined by the vnl'A portion 144 of 

20 tli& burner tile ?.4 o and mixes with thB priory fuel gas 

discharged therein by the nozzleB 3.56, The resulting primary 
fuel geia - air mixture begins burning and is discharged into 
and bur nod in a primary burning zone in the furnace space. 

1'he secondary fuel gas discharged from the secondary fuel 

2 5 gas noazles 170 mixes with flue gasep from thB furnace space 

and wibh uix remaining therein and is burned in a secondary 
burning zone generally adjacent to and Bur rounding the primary 
burning zone in the furnace, 

Because of the dilution of the primary fUul gas with 

'ju excess air and the secondary fuel uaa with flue gas as, 

relatively low temperature burning re an Its whereby the flue 
gases formed in and withdrawn from the fumaco have a N0 X 
content of less than about 25 ppm. 

Thus, th* present invention is Veil adopted to carry out 

35 the objects and attain the ends and advantages mentioned as 

those which are inherent therein. While numerous changes in 
the construct ion and arrangement of partr. may be made by tbo*?e 
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KkiHed In the art, such changes are ancoapasaefl within the 
spirit of thie invention ti& defined by the appondod claims 
What is Claimed is; 
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THK EMttOIHMENTS OF THE INYKNTiON IN WHICH AN 

KOCeftYY OH YKiniXJGT, IS aAJWB AH*! DttPJNED A3 FOLLOW: 

1, An improved burner apparatus for d la charging a 
Mixture, ot fuel gas and air into a furnace wherein *aid 
mixture is burned and flue gases having iov NO a content are 
formed the r ©Crow comprising: 

5 a r&fractory burner tils attached to said furnace 

having a baso portion and a wall portion, the 
wall portion extending into said t furnace, 
eurroxindin^ * v antral area of ©aid base 
portion and having exterior aides which elant 

10 toward the- central area of said base portion? 

mean© connected to said burner tile for mixing a 
portion of said ruel gas with said air and 
discharging th^-re suiting primary fuel ^as-air 
mixture into □ primary burning koiib in Baid 

15 furnace from within the space defined by the 

contra 1 area of said t*ass portion and the 
interior of said vail portion of said burner 
tile; and 

at leaBt one secondary fuel gas nozzle means 
20 positioned for discharging the rewiainin^ 

portion of said fuel gas adjacent to an 
external slanted BidB of a a id vail portion 
whereby-said fuel gas mixes with flue gases in 
said furnace and burns in a secondary burning 
25 acno there in. 

2. The bumor apparatus of claim 1 wherein said means 
for mixing primary fuel gas with said air and discharging the 
resulting mixture into said furnace comprise: 

said burner tile including at least one passage 
30 formed in eaid b&se portion thereof extending 

from tha exterior of said burner tile into the 
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epace defined by tho central area of said base 
portion and the interior of saicl wall portion; 
venturi aspirator rooanB having a fuel gae end 

inlet at one end end a Kuol datf - air mixture. 
5 di*ohargo noazle at the other end, said 

Venturi aspirator moans being; disposed "within 
B*id pass evge in ©aid baBe portion of said 
burner tile with said dischargo nozzle thereof 
positioned vifcfiin said space, defined by the 
XV control area ot said base? portion and said 

wall portion of tin id burner tile and the fuel 
gas and air inlet thereof positioned 
exteriorly of *aid burner tile; and 
a fuel <J»e jot iDruiing nn^lc adopted to he 
15 connected T.o a s^urco of fuel gas posit. toned 

... . , to jet primary: , fuel gar: Into said Venturi 

meanB by */ay of the* inlet end thereof whereby 
air is drawn into said venturi weans and mifces 
with said primary fuel gas, 

2D 3. Tho burner apparatus of claim 2 which further 

comprises* 

a housing attached to tho exterior Df said burner 

tile and enclosing a-aid venturi aspirator 

means and aaid fuel gas Jet forming noajjle; 
25 and 

means for Introducing a regulated rate of air Into 

said houBing attached thereto, 

4. The burner apparatus of claim 2 or 3 wherein paid 
base portion of said burner tile include* two or more of Baid 

30 passages formed therein With venturi aspirator means di&poAad 

in each passage and a fuel gas Jot forming nozzle positioned 
to jet primary fuel gas into eaoh venturi aspirator means. 

5, The burner apparatus or claim 3 wherein e&ld base 
portion and said wall portion of said burner tile are 

15 substantially circular. 
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6, (The burner apparatus of oifl.lm X whore in said 
secondary ruwl naa nozzle means for discharging the remaining 
portion of rsRitl fuel gas ie. position©** out aide said wal\ 
portion adjacent tho inters-action of said external slanted 

S side of Bald, wft.ll portion with the Surface of said base 

portion, 

7. The burner apparatus Df claiw G wherein said 
Apparatus inn ludes a plurality of said Secondary fuel gae 
nozjste me&ht*- 

.10 Di The burner apparatus of claim 1 wherein ea*d means 

for mixing primary fuel gas with &aU\ air and discharging the 
resulting fixture into said furnace comprise.; 

p,ajd burner tile including at least one passage 
fprir.ed in said base portion thereof .extending 
15 from the exterior of «aid fturnux tile into the 

space defined by the central area of said base 
portion and the interior of eaJd wall portion, 
said opening being smaller than Baid, central 
area wheraby a ledge is formed around said 
20 opening within the interior of f.aid Wall 

portion; 

raeans for discharging said air through Raid opening 
attached to said burner tile; and 

at least one primary fuel g&* nozzle means 
25 positioned to discharge primary fuel gae 

adjacent to the interior sides of BaJci vail 
portion and adjacent to a a id ied^e whereby 
eaid primary fue* gas is swirled vithin said 
wall portion and mixed with eaid air. 



30 3. the burner apparatus of claim 8 wherein the inter ior 

sides of said wall portion of &*id burner tile are. slanted 
towards said opening « 
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10, u^he burner 1 apparatus of claim d wherein Gaid i&etma 
for discharging said air through said opening in Baid burner 
t.Ue comprise: 

* housing attached to the exterior of Bald burner 

mc*ns for introducing a reguln-bsd rate or air into 
ea1x3t housing attached tlwiretn, 

11, lfce burner apparatus of claim & Ox 10 wherein said 
apparatus include* a plurality of sold poriiaary fuel gas noazlfc 

10 VOCftAS. 

12, The burner apparatus of claiia li whore in said base 
portion and said wall portion of said burner til ft arc» 
substantially circular. 

13, The burner apparatus of claim 11 therein said" 
15 secondary fuel gas noezle me*tict for discharging the remaining 

portion of said fuel g»s is positioned out side said vrall 
portion adjacent the intersection or *n oxtsrnal slanted aidw 
Ot said Wall portion vpith the surface of said base portion. 

14 , The burner apparatus of claim 13 wherein said 
20 apparatus includes a plurality of said sscondary fu&l g&e 

nozzle means. 

is* a, method of discharging a mixture ot fuel yas and 
air into a furnaoe wherein said mixture is burnad and i'lus 
gases having a low HO x content are forced thererrom comprising 
25 the steps of: 

(a) mixing a portion of said fuel gas with said 
air to "form a primary fuel gas - air mixture; 

(b) discharging said primary fuel gas - air 
mixture into a primary burning zone in said 

30 furnace from at least one location eur rounded 

by a wall which extends into said furnace and 
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him exterior oidut: which are Plant ed towards 
Bald Iteration; and 
(o) discharging the remaining; portion of said fuol 
cj*a t : rom at least one location outside Df said 
b wall adjacent to an BxtBrior e^ar.ted side 

thereof whereby said tfuel 9ns mixes with flue 
gases and fttr lit said furnace cpaos and is 
burned I»j a secondary burning 2 one therein. 

16, The -method of claim lb vherein c&ld Mixture of fuel 
10 gaB and air discharged into said furnace is a zubst antlally 

Btoianiomefcrio mf.xturo. 

17* 'I'he Yifiothoa odE claim 15 wh^roin said portion of $:&jd 
fuel qas used to form Bala" primary fuel qua - air mixture in 
accordance with Btep (a) is in the range bu from about I04r to 
IS about Vd\ by volume of the total ruol" gas discharged into said 

furriRCC Space. 

10. The method oiT claim 15 wherein paid primary fuel gas 

- air mixtures is formed in accordance with step (a) by jetting 
said primary fuel gas into one *na of a venturt aspirator tube 

20 having a discharge nodule at the other end positioned at said 

location whereby Baid air is drawn into said vonturi a cp* rat or 
tube and mired vtth said primary Cuel therein, 

15, l^he method of claim in wherein said primary fusl gas 

- niir fixture is farmed by Jetting said primary fu&l into two 
23 or more of said vanturi aspirator tubes, 

20. The method of clai™ 1$ or 19 wherein said remaining 
portion of said fuel gas is discharged adjacent to the 
exterior slanted sides of Baia wall portion J?rom a plurality 
of locations outside of Baid wall portion. 

30 21, The method of o.laim 15 wherein Paid primary fuel gas* 

- air mixture is formed l^y d.icoharglng said *tr into said 
.turnace at aaid location surrounded by said wall portion and 
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rtiecharying r,aid primaxy fuel, gas from at least one fuel qa« 
no*Rlc adjacent to the lx>fcerior sides at raid wall portion 
Vbcreby said fuel g&tf is swirled therein and mifced vith Bald 
air. 

5 22, 'The method ol! clalla 21 wherein eai<J prittiaty fuel gas 

J.e discharged adjacent to the infcorior aides of a*j<3 wall 
portion iroro a plurality of fuel gas tiobzIos. 

23. £tie method Of vlaim 51 or 22 wherein On id remaining 
portion of said fuel gas is <3j r. charged adjacent to the. slanted 
10 extorior s idee of said Wall portion from a plurality of 

locations outs ride of said vail portion . 
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Improved lov j?o x format ton gas burner apparatus and 
wot&ods of burning fuel are. provided. Tfoe burner apparatus 
.includes a refractory burner tile hnvLng a baae portion and a 
5 wail portion, the wail portion extending into the rwrnp.co r 

surrounding a central area of the base portion ana having 
exterior eiaes vliicn are slanted. Means are attached to the 
burner tile for mixing a portion of the fuel ^as with the air 
and discharging the resulting mixture into a primary, burning 

10 zoub in th<* furnace from vitbin the apace defined by the x/all 

portion of. tho burner tile*. - At least oho secondary fuel" gas 
nozale weans positioned for disoharging the remaining portion 
of the fuel gas adjacent to an external olante<3- side of t.ne 
wall portion whereby the fuel gas mixes with riue gases and 

IS air in the furnace' and burns in a secondary burning zone 

therein- 
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